Urban ecosystems are not unique, as the ecological processes and anthropological effects they encapsulate can equally be found in a range of human dominated environments. Applying ecological lessons from both within and outside urban areas is important for insect conservation within our expanding towns and cities. The management of urban grasslands, which in many cases is controlled by private individual and corporate landowners, has the potential to make a large difference to the biodiversity they support. Here we report on an investigation of invertebrate biodiversity within a series of small urban grasslands with contrasting frequency of management by mowing. Seven gardens and five other grassland areas were suction sampled for grassland invertebrates in July 2016. Samples were taken in patches that were regularly cut on a 7-14 day cycle (very short), those cut every six weeks (short) and those than had not been cut since the previous year (long). Invertebrates were mostly identified to order level, with the Hemiptera to species or morphospecies. Invertebrate abundance was significantly inversely related to mowing frequency but overall species richness did not differ between short and very short grasslands. Community structure also was most distinct in the long grasslands. The pattern of abundance varied between different taxonomic groups, with the Hemiptera particularly benefiting from very low levels of management. The value to invertebrates, especially Hemiptera, of reduced grassland management is discussed, with reference to how the owners of gardens and other urban grassy areas can make simple changes to benefit biodiversity on their land.
Introduction
Historically in urban areas, insects and other invertebrates were considered mostly in relation to their pest status (Davis 1976; McIntyre 2000) . However in recent years there has been growing interest in their contribution to urban biodiversity (New 2015) . Such work is highly pertinent given the continuing growth of urban areas and consequence that the primary source of contact with the natural world for many people is increasingly with those organisms that are able to survive alongside us in our towns and cities (Savard, Clergeau, and Mennechez 2000; Dearborn and Kark 2010 ). In addition with major declines in many species in rural areas (Krebs et al. 1999; Benton 2007) , urban areas are becoming relatively more important for the survival of biodiversity (Ryall and Hatherell 2003) .
Gardens are a substantial potential resource for biodiversity conservation within urban areas. For example it is thought that approximately 87% of UK households have a garden, and with the mean size estimated to be 190m 2 , this land use category covers around 4330 km 2 (approximately 1.8%) of the country's total land area (Davies et al. 2009 ). Gardens are recognized as promoting human well being, and for many people contact with wildlife is an important contributory factor in this (Dunnett and Qasim 2000; Freeman et al. 2012) . A consequence of the value that gardeners put on contact with nature, is the large number of households which carry out some sort of wildlife gardening activity (Gaston et al. 2007; Goddard, Dougill, and Benton 2013) . Although wild bird feeding is rather dominant, there is a range of other wildlife friendly features maintained in gardens, such as compost heaps, ponds, log piles and so called wild or uncultivated areas (Gaston et al. 2007; Goddard, Dougill, and Benton 2013) . The adoption of wildlife friendly gardening can be increased through education and has been encouraged by conservation groups (Ryall and Hatherell 2003) . However it is also affected by perceptions of public acceptability and social norms, which may for example prevent gardeners from setting aside wild areas that they may fear be unacceptable to their neighbors (Dunnett 2011; Goddard, Dougill, and Benton 2013) .
Apart from gardens, urban invertebrate biodiversity has been studied in a range of other habitat types and urban features, including work on roundabouts, urban forest, green roofs and parks (Faeth and Kane 1978; Niemelä et al. 2002; Helden and Leather 2005; MacIvor and Lundholm 2011; Helden, Stamp, and Leather 2012) . Urban invertebrates have also been used to test ecological concepts including the species area relationship and the effects of habitat isolation (Helden and Leather 2004; Fenoglio et al. 2013) . Such studies are a reminder that ecological processes are, in most cases, not unique to specific ecosystems and therefore lessons learned in one environment can generally be applied to others.
Grassland invertebrate abundance and species richness are known to be negatively affected by increased grassland management, whether by grazing or cutting (Morris 2000; Helden and Leather 2004; Blake et al. 2011) . The effects shown in such studies have been demonstrated both at whole field level (Morris 2000; Helden et al. 2015) but also at the much smaller scales of small field margins, measured in meters, and grass islets which are only tens of centimeters across (Sheridan et al. 2008; Helden et al. 2010; Dittrich and Helden 2012; Anderson et al. 2013) . Therefore it is entirely reasonable to apply the findings of studies in agricultural and other systems to the small-scale urban grasslands than form part of so many of our gardens.
In this study we investigated the effects of one way in which urban gardeners can encourage wildlife, namely by reducing how often they are mowed. We investigated the invertebrate communities of a series of small grassland patches in urban gardens and in a city-center university campus, which differed in the frequency of mowing. We hypothesized that reduced disturbance from mowing would result is greater abundance and taxon richness of invertebrates, and we looked for community compositional changes that may result from differential effects on different taxa. The aim of the study was to provide evidence of the effectiveness of setting aside small areas of grassland in gardens or similar urban settings, in order to increase local biodiversity levels.
Methods

STUDY SITES
Invertebrate communities were sampled from a series of small urban grassy patches at three sites in Cambridgeshire and one site in north-west Greater London, in the UK. Eight small grassy patches, with primarily an ornamental function, were located on the Cambridge campus of Anglia Ruskin University (ARU) (0°8'E,52°12'N, UK grid reference (GR) TL460582). The size of the patches varied from 10.4 to 198.7 m 2 (maximum dimensions 2.5 x 5.4 m and 10.5 x 19.2 m, respectively). The other grasslands areas were all within gardens, containing a mixture of more frequently and less frequently mowed areas. There were six gardens, managed by ARU, which belonged to a series of terraced student houses (GR TL460582), close to the main university campus. One garden was located in Sawston, a village approximately 8.75 km south of Cambridge (0°10'E 52°07'N, GR TL490503), and the last site was a garden in Ickenham, a suburb of Greater London (0°26'W 51°33'N, GR TQ076863). The gardens varied in size from 40.8 to 95.0m 2 (maximum dimensions 5.7 x 8.6 m and 6.1 x 17.1 m, respectively). The sample areas were chosen to represent three different levels of grassland management: very short grassland that was mowed every seven to 14 days; short grassland, mowed on a six week cycle; and long grassland that had not been mowed since the previous year's growing season. Each short or long grassland area chosen was close to a sampled, very short grassland area within the same location (i.e. within the same garden or part of the university campus). SAMPLING An invertebrate sample and vegetation height measurements were taken within each of 33 sample areas: 15 from very short grassland, 6 from short and 12 from long. The vegetation height was measured at five points within each area with a Filips Folding Plate Pasture Meter manufactured by Jenquip (www.jenquip.co.nz). The invertebrate sampling was carried out using a Vortis suction sampler (Burkard Manufacturing Co Ltd, Rickmansworth, Hertfordshire, UK) (Arnold 1994) . A sample consisted of ten 10-second sucks, from ten separate points within the grass patch, representing an area of 0.2 m 2 per sample. The catch was emptied into a portable insect cage (Bugdorm-2120) then individual invertebrates were counted and simultaneously removed from the cage, using a pooter, then released. Invertebrates were all identified to order, with some further level of identification possible for some groups. Hemiptera were identified to species in most cases although for some individuals, genus or morphospecies (e.g. for aphids) was used when the correct species identity was uncertain. Formicidae (ants) and Isopoda (woodlice) were also identified to species, and Coleoptera to morphospecies. Sampling was carried out during dry weather in July 2016, as follows: Cambridge sites (6 & 7 July), Sawston (14 July); and Ickenham (19 July).
STATISTICAL ANALYSIS All data analysis was carried out using R version 3.3.1 (R Core Team 2016). Separate generalized linear mixed models of vegetation height and invertebrate data were run with the lmer and glmer functions respectively, from the lme4 R package (Bates et al. 2015 ). The vegetation model tested whether there was any difference in vegetation height between the mowing treatments. The response variable was vegetation height, which was log transformed to correct for non-normality of errors, with grassland type as the explanatory variable and site as a random effect, and with Gaussian error structure. There were two initial models for all invertebrate orders combined; one with abundance and the other with taxon richness as the response variable. The models tested whether there were significant differences in abundance and taxon richness between mowing treatments. Taxon richness was measured as recognizable taxonomic units (RTU), due to the mixture of order and genus or species level identifications. The explanatory variable was grassland type, with site as a random variable, and models had a Poisson error structure.
Community composition was compared by ordination, with non-metric multidimensional scaling (NMDS), using the vegan package (Oksanen et al. 2016) . The NMDS was performed with the metaMDS function, which uses Bray-Curtis dissimilarity. Invertebrates were grouped into six categories for the ordination: Hemiptera (adults), Coleoptera, Formicidae, Araneae, Diptera and parasitic Hymenoptera. The three grassland management types and the invertebrate groups were fitted to the ordination using the envfit function. The significance of fit was assessed with a squared correlation statistic as a goodness of fit test, using 1000 permutations of the data. Taxonomic groups that showed a significant fit (Araneae, Formicidae, Hemiptera (adults) and parasitic Hymenoptera), were subsequently modeled with separate generalized linear mixed models, using the same structure as previously described for overall abundance and RTU.
Species accumulation curves were generated using the specaccum function, also with the vegan package. Curves (±95% confidence intervals) were plotted against the number of samples and against the number of individuals (rarefaction) separately for long grassland and very short grassland. Equivalent curves for short grass were not plotted as there were only six samples.
Results
The model estimate of long grassland vegetation height was 9.0 cm, which was significantly greater than the estimate of 4.3 cm for short (t = 3.71 p = 0.002) and the estimate of 2.5 cm for very short (t = 9.12 p < 0.001). Short grassland had significantly higher vegetation than very short (t = 3.00 p = 0.005).
A total of 2675 invertebrates were sampled. Of these, 633 individuals were identified to species, consisting of three species of Isopoda, one species of Araneae, three each of Coleoptera and Formicidae and 27 of Hemiptera (Appendix 1). The most abundant species was the ant Lasius niger (Linnaeus, 1758) (364 individuals) and there were two other common ants, Lasius flavus (Fabricius, 1781) (20) and Myrmica scabrinoidis Nylander, 1846 (20) . The terrestrial isopods, Armadillidium vulgare (Latreille, 1804) (31), Philoscia muscorum (Scopoli, 1763) (5) and Porcellio scaber (Latreille, 1804) (3) were the only other nonhemipterous species identified specifically. Within the Hemiptera itself, the most common species was Anoscopus serratulae (Cicadellidae) (Fabricius, 1775) (54). However it should be noted that the genus Javesella (Delphacidae), which cannot easily by identified to species in the field, was represented by 236 individuals, most of which were nymphs. Other common Hemiptera were, Balclutha punctata (Cicadellidae) (Fabricius, 1775) (23), Arthaldeus pascuellus (Cicadellidae) (Fallén, 1826) (18).
Long grasslands had significantly higher total invertebrate abundance than either short or very short grasslands (z = 5.64 p < 0.001 and z = 13.58 p < 0.001, respectively) (Fig. 1a ). There were also significantly more individuals in short grasslands than very short (z = 3.93 p < 0.001). Model estimates of abundance per 0.2m 2 were: 97.1, 56.6 and 42.2 for long, short and very short, respectively. There were significantly more taxa (RTU) found in long grassland than either short or very short grasslands (z = 3.99 p < 0.001 and z = 6.27 p < 0.001, respectively) (Fig. 1b) . However unlike for abundance there was no difference between the taxon richness of short and very short grassland (z = 0.68 p = 0.497). Model estimates of taxon richness were: 17.9, 10.0 and 9.0 for long, short and very short, respectively. The NMDS produced an ordination solution with two dimensions and a stress of 0.172, and there was a significant difference in community structure between grassland types (r 2 = 0.251 p = 0.002) (Fig. 2) . Short and very short samples almost completely overlapped within the ordination, while there was a partial separation of long grassland samples. Very short samples showed a much smaller spread within the ordination than either short or long samples. When taxa were fitted to the ordination Coleoptera and Diptera were non significant (r 2 = 0.05 p = 0.472 and r 2 = 0.12 p = 0.155, respectively), while there were significant fits for Araneae (r 2 = 0.47 p < 0.001), Formicidae (r 2 = 0.54 p < 0.001), adult Hemiptera (r 2 = 0.61 p < 0.001) and parasitic Hymenoptera (r 2 = 0.27 p = 0.011) (Fig. 2) . The Araneae, adult Hemiptera and parasitic Hymenoptera all showed fitted vectors aligned towards long grassland, whilst the vector for ants was aligned between short and long grassland samples but away from very short.
Generalized linear mixed modeling indicated no difference in Araneae abundance between long and short grassland (z = 0.22 p = 0.823) but both sub-habitats had significantly more individuals than very short (z = 4.46 p < 0.001 and z = 3.82 p < 0.001, respectively) ( Fig. 3a) (Table 1 ). For Formicidae abundance was higher in long grassland than either short (z = 2.89 p = 0.004) or very short (z = 6.10 p < 0.001), with no difference between short and very short (z = 0.56 p = 0.578) (Fig. 3c) (Table 1 ). The same pattern was found for adult Hemiptera (long/short z = 2.20 p = 0.028; log/very short z = 7.26 p < 0.001; short/very short z = 0.64 p = 0.525) (Fig. 3b) (Table 1) . With parasitic Hymenoptera there were more individuals in long grassland than short (z = 2.99 p = 0.003) and very short (z = 8.17 p < 0.001), and also more in short than very short (z = 2.77 p = 0.006) (Fig. 3d) Species accumulation curves for Hemiptera, when plotted against the number of samples showed a clear difference between grassland type, with many more species found in long grassland than very short grassland (Fig. 4a) . Comparison with a generalized linear model showed the same pattern (z = 5.70 p < 0.001; glmm estimates, 7.0 and 1.8 species per 0.2m 2 for long and very short, respectively). When species accumulation was plotted against number of individuals (rarefaction) there was a complete overlap between the curves although the number of individuals was very much smaller for very short grassland (Fig. 4b) . 
Discussion
In the grasslands studied, a reduction in management frequency clearly resulted in an overall increase in invertebrate abundance and taxon richness but with the effects varying between taxonomic groups. That simply reducing the number of times a grassland is cut should result in more invertebrates is no surprise, given previous studies that have found similar effects on invertebrate communities in relation to grazing or mowing frequency (Nickel and Hildebrandt 2003; Helden and Leather 2004; Blake et al. 2011; Helden et al. 2015) . As our vegetation height measurements confirmed, less disturbance results in greater plant biomass. This provides more food for herbivores and more shelter, with associated reduction in temperature variation, but also higher niche diversity (Andrzejewska 1965; Morris 2000; Kormann et al. 2015) . The differential effects on separate taxa mean that not only do management changes affect abundance and species richness, but it also modifies the invertebrate community structure. Short, regularly mowed grasslands communities showed relatively little variation to each other. In contrast long, less often managed grassland areas were much more varied in community structure and relatively richer in Araneae, Formicidae, Hemiptera and parasitic Hymenoptera. Of these four taxa, the Araneae showed the strongest response to a reduction from a seven or 14 day mowing cycle to six week cycle, indicating that even a small reduction in management is favorable. The Araneae being predatory are likely to benefit from the increase in other invertebrates with a reduction in mowing, as this represents an increase in prey availability. The highly mobile nature of most species would enable them to respond quickly to a reduction in mowing frequency and the increase in vegetation height would provide greater structural complexity and therefore benefits such as more locations to attach their webs (Dennis, Young, and Gordon 1998; Plantureux, Peeters, and McCracken 2005) . Even though there were not significantly greater numbers in long grasslands, it is noticeable that the data were somewhat skewed towards larger numbers in long areas and smaller numbers in short. Therefore it is likely that even though not indicated by the statistical analysis, Araneae would gain the most benefit from very infrequent mowing.
Although the Formicidae, Hemiptera and parasitic Hymenoptera were all found to be most common in the long grassland, they differed in their relative abundance between the three treatments. The parasitic Hymenoptera followed the abundance pattern of all invertebrates relative to grassland management. This is likely to be related to their role as parasitoids of a wide range of other invertebrates and so their abundance and diversity reflects that of the rest of the invertebrate community; a characteristic that has been suggested as making them good biodiversity indicators (Anderson et al. 2011) .
The Formicidae and Hemiptera do show a common pattern in abundance in relation to grassland types. However the difference in effect sizes suggest that the Hemiptera are more sensitive to management. Indeed they appeared the most sensitive of all the invertebrate taxa studied, with a 5.4 fold increase in individuals and a 35 fold increase in species density in long grassland, compared to very short. Regularly mowed grasslands such as lawns, ornamental parks and playing fields are likely to support only a very small number of generalist pioneer species, such as the planthopper, Javesella pellucida and leafhoppers of the genus Macrosteles (Andrzejewska 1979; Nickel 2003; Nickel and Hildebrandt 2003) . Other Hemiptera species can be found in urban gardens, and some of these are likely to be transients from more suitable habitat nearby. This together with very low abundance in very short grassland, may explain the overlap in the rarefaction curves when comparing long and very short. However as demonstrated in this study, to support a greater number of species, gardeners are likely to have to leave some grassy parts of their gardens uncut for many months. This is because most Hemiptera species are herbivorous and in contrast to frequently managed grassland, longer vegetation provides more diverse feeding, ovipositional and microclimatic niches, that can support populations of a wider range of species (Andrzejewska 1965; Waloff and Solomon 1973; Denno 1977; Prestidge 1982; Woodcock et al. 2009 ).
The small size of invertebrates enables them to take advantage of a wide diversity of niches, and therefore they are able to respond to structural changes at small scales, such as grassy islets and field margins (Helden et al. 2010; Dittrich and Helden 2012; Anderson et al. 2013; Helden and Dittrich 2016) , as well as the small garden patches considered in this study. Consequently the incorporation of areas of infrequently managed grassland into gardens, can enable householders to readily enhance grassland invertebrate populations, and this very simple methodology can be added to the range of other biodiversity beneficial activities for the garden, such as providing wildlife ponds, pollen and nectar sources, woodpiles and nesting holes for solitary bees (Gaston et al. 2007; Goddard, Dougill, and Benton 2013) . Using a range of techniques is likely to be very important as each one will benefit different groups of invertebrates to a greater or lesser extent. Obvious examples are that wildlife ponds tend to be most advantageous for aquatic invertebrates, while the benefits of pollen and nectar sources are most likely to be reflected in pollinator numbers, most notably species of Hymenoptera, Diptera and Lepidoptera. Grassland invertebrates such as many leafhoppers (Cicadellidae) and planthoppers (Delphacidae) are much less well know but their presence should be of no less value.
Allowing grasses to grow uncontrolled for long periods might be unwelcome in circumstances when grasslands are being managed to create forb-dominated meadows (Hitchmough, Paraskevopoulou, and Dunnett 2008) . It may also not be favored by some people for aesthetic reasons, who may consider it 'untidy', or that it is at odds to the social norms (Dunnett 2011; Goddard, Dougill, and Benton 2013) . Consequently if such techniques are to be adopted more widely it may require those of us with a particular enthusiasm for wildlife, which surely must include most ecologists, to lead change in our local communities (Goddard, Dougill, and Benton 2013) . Whether it becomes widely adopted of course remains to be seen. However as a very simple methodology it can, as we have shown, be very effective in increasing numbers of grassland invertebrates, particularly Hemiptera. Therefore it should be encouraged as one amongst a number of means that householders, like ourselves, can use to encourage biodiversity in their gardens and hence in the wider urban landscape. APPENDIX 1. The abundance of different species identified in long, short and very short urban grasslands. Graphocraerus ventralis ( F a l l é n , 1 8 0 6 ) 0 1 0 1
Megophthalmus scanicus ( F a l l é n , 1 8 0 6 ) 3 3 1 7
Mocydia crocea ( H e r r i c h -S c h a e f f e r , 1 8 3 7 ) 3 4 0 7
Streptanus sordidus ( Z e t t e r s t e d t , 1 8 2 8 ) 2 1 0 3
Zyginidia scutellaris (Herrich-Schäffer, 1838) 10 2 2 14
Hemiptera: Lygaeidae 
